Background. Evaluation for neonatal sepsis routinely includes performing both aerobic and anaerobic blood cultures despite our lack of knowledge of the true incidence of anaerobic bacteremia in this age group and the consequences of not performing these paired cultures.
Suspected sepsis is one of the most common diagnoses made in the neonatal population. Making a definitive diagnosis in this age group is difficult, because the signs of sepsis are nonspecific, and inflammatory syndromes of noninfectious origin can mimic those of neonatal sepsis. However, neonates are at high risk for significant morbidity and death caused by sepsis; thus, all infants with suspected sepsis are evaluated rapidly and started on antimicrobial therapy before confirmation that an invasive bacterial process is not present. As part of that evaluation, paired aerobic and anaerobic blood cultures are performed routinely with 0.5 mL of blood inoculated into each bottle [1] . Bacteremia has been identified in 3.1% to 10.6% of infants who present for evaluation for serious bacterial illness [2] [3] [4] . However, the incidence of anaerobic bacteremia in the neonatal population has not been well described. In adult patients, 0.2% to 1.2% of clinically significant positive blood cultures yield anaerobes [5] [6] [7] . Previous studies found that omitting the anaerobic bottle results in an overall decrease in the identification of clinically significantly isolates because the anaerobic medium often supports the growth of some facultative anaerobic bacteria [8] [9] [10] . However, whether this increase in yield is a result of anaerobic growth conditions or the additive value of a second culture bottle is not clear. For example, in a recent study, 0.5 mL of blood was inoculated into both aerobic and anaerobic culture bottles, and the results were compared with those from 1 mL of blood inoculated into 1 aerobic blood culture bottle. The rate of isolation of organisms was higher in the paired samples, but the organisms identified in the anaerobic blood culture bottles were predominantly aerobes, which leaves it unclear whether the results were secondary to the anaerobic medium or the use of 2 bottles [4] .
The results of several previous studies in pediatric and adult populations have suggested that, given the low incidence of anaerobic bacteremia, patient-specific risk factors should be considered. Identified adult and pediatric risk factors for anaerobic bacteremia include intraabdominal and oral infections, immunocompromise, bite wounds, and decubitus ulcers [5, [10] [11] [12] [13] [14] . Risk factors for anaerobic bacteremia in neonates have not been established. Given the financial cost associated with paired cultures and the potential significant blood-volume loss associated with performing blood cultures in this population, the identification of risk factors for anaerobic bacteremia in neonates is essential to enable risk stratification and targeted testing of neonates with suspected sepsis. The objective of this study was to evaluate the utility of anaerobic blood cultures and identify risk factors for anaerobic bacteremia in neonates.
METHODS
A retrospective review of all blood cultures performed for patients aged 28 days or younger admitted to the Children's Hospital and Medical Center (Omaha, Nebraska) between November 1, 2013, and April 30, 2015, was performed. This study was approved by the local institutional review board.
An ordered blood culture was defined as a set consisting of 1 aerobic bottle and 1 anaerobic bottle, only 1 aerobic bottle, or only 1 anaerobic bottle. Blood samples were obtained via standard venipuncture or from an indwelling line. Aerobic cultures were inoculated into BacT/ALERT FAN Plus or pediatric PF Plus bottles (both from bioMérieux, Durham, North Carolina). Anaerobic blood cultures were performed using BacT/ALERT FAN Plus anaerobic blood culture bottles. Blood-volume collection was weight based (<1 kg, 1 mL; 1-2 kg, 1.5 mL; 2-4 kg, 2 mL; 4-6.0 kg, 3 mL), and the blood volume was divided between the aerobic and anaerobic bottles; the nurse or phlebotomist recorded the actual blood volume injected into each bottle. The BacT/Alert 3D blood culture system (bioMérieux) was used for automatic incubation. The bottles were monitored for 5 days, and readings were taken by the instrument every 10 minutes. After a positive alert, bacterial identification and susceptibility profiling were performed by an automated microbiology system (Vitek MS, bioMérieux).
For every patient with a positive culture result, the following patient characteristics were reviewed: sex, gestational age, community or immediate postdelivery admission, indication for performing the blood culture, patient comorbidities, hospital unit location, 30-day mortality rate, and central line access (central venous catheter, umbilical arterial/venous catheter, arterial line). Bacterial isolates were considered clinically significant if the organism is rarely considered a contaminant, if the patient had 2 or more cultures that yielded growth of the same organism, or if the patient's provider deemed it necessary to pursue a full course of antimicrobial therapy on the basis of the isolate's presence [15] .
We used SPSS 24.0 software (SPSS, Inc. Chicago, Illinois) for all analyses. Continuous data was evaluated by the Student t test.
RESULTS
During the 18-month study period, 662 paired cultures among 403 patients were performed. Of these cultures, 584 used paired aerobic and anaerobic bottles, 71 used only an aerobic bottle, and 7 used only an anaerobic bottle. Sixty-four (9.7%) cultures for 25 patients were considered to have a clinically significant result (1.9% contamination rate). Among the clinically significant positive cultures, 1 used a single-anaerobic-bottle set, 7 used a single-aerobic-bottle set, and 56 used a paired aerobic/ anaerobic set. In further breaking down the positive paired-culture results, we found that 35 of the cultures produced the isolate in both the aerobic and anaerobic bottles, 2 yielded growth in only the aerobic bottle, and 19 cultures grew the isolate in only the anaerobic bottle (Figure 1) .
From the culture sets that consisted of both an aerobic and an anaerobic bottle, there was an overall positive rate of 9.6% for clinically significant isolates (n = 584). The majority of isolates grew from both aerobic and anaerobic bottles. Fifty-six total organisms were isolated; 35 (62.5%) grew from both bottles, 19 (33.9%) from the anaerobic bottle alone, and 2 (3.6%) from the aerobic bottle alone. For the cultures that used only an aerobic bottle, 9.9% yielded a clinically significant isolate (n = 71); 14.3% (n = 7) of the anaerobic-bottle-only cultures were positive.
The total blood volume obtained per culture varied from 1 to 3 mL depending on the weight of the child. In our data set, we found no discrepancies in blood volumes instilled into the paired cultures; however, in 10 cases, blood volume was not recorded (Table 1 ). In paired blood cultures, when both bottles were positive for growth, the time to positivity was significantly lower in the aerobic cultures than in the anaerobic cultures (19.8 vs 25 hours; P < .001). Table 2 outlines the times to positivity of all positive cultures.
A total of 64 bacterial isolates were identified from all blood culture sets. Most commonly isolated were Staphylococcus aureus and coagulase-negative staphylococci, which represented 62.5% of all organisms found. Clostridium symbiosum, present in 1 patient, was the only obligate anaerobe identified. A thorough summary of the organisms and the culture mediums from which they were isolated is provided in Table 3 .
The corrected gestational age of neonates with clinically significant bacterial isolates identified on blood culture ranged from 24 3/7 to 39 3/7 weeks. Of these neonates, 11 (44%) of 25 were considered to have been born prematurely, having completed less than 37 weeks of gestation. For the sample population, the ages at which the first clinically significant bacterial isolate was grown from blood culture ranged between 0 and 27 days (median, 14 days). Of the 25 patients with a clinically significant isolate identified on blood culture, 9 were admitted from the community, and 16 were admitted directly after delivery and had no exposure outside of the hospital. Eighteen patients were admitted to the neonatal intensive care unit for management, 3 went to the medical-surgical unit, and 4 went to the pediatric intensive care unit. Among the reasons for performing blood culture, a concern for sepsis documented in the patient's chart was the most common indication (16 [64%] of 25 patients). Neonatal fever and an increased number of episodes of apnea and bradycardia were the reason for culture for 4 patients each. One culture was performed because of abdominal discoloration.
The charts were reviewed also for several comorbidities and potential risk factors for bacteremia present at the time of or before the positive blood culture was performed. In these patients, the presence of an indwelling line (central venous catheter, umbilical arterial/venous catheter, or arterial line) was the most common risk factor, present in 19 (76%) of 25 patients. Of the 6 patients found to have S aureus bacteremia and the 7 patients with coagulase-negative staphylococci, all had an indwelling line present at the time that blood was obtained for culture. Respiratory failure was the second most common coexisting condition (16 [64%] of 25), and preterm birth was a preexisting diagnosis in 11 (44%) of 25 patients. Of the patients evaluated, only 1 was found to have bacteremia caused by an obligate anaerobic organism. This child was an early-term-born boy who had several risk factors for sepsis, including a diagnosis of necrotizing enterocolitis, concurrent steroid use, respiratory failure, and multiple congenital anomalies. Patient characteristics and comorbidities are listed in Table 4 . We also examined 30-day mortality; 5 patients died within 30 days of their initial positive blood culture result. The culture of 2 of these patients grew Escherichia coli, the culture of 1 patient grew Morganella morganii and coagulase-negative staphylococci, the culture of 1 patient grew methicillin-susceptible S aureus, and several consecutive cultures for the fifth patient revealed growth of coagulase-negative staphylococci.
DISCUSSION
In this study, we evaluated the incidence of anaerobic bacteremia in neonates with suspected sepsis and the utility of performing anaerobic cultures in this understudied population. The overall rate of detecting clinically significant bacterial isolates in our study group was similar to those previously reported (9.7%) [2] [3] [4] . The rate of clinically significant anaerobic isolates found in our neonatal population was 0.2% of all blood cultures performed, which reaffirms the idea that neonatal bacteremia caused by an anaerobic organism is uncommon. We were unable to identify potential risk factors for anaerobic bacteremia in neonates because of the limited number of patients in our population identified with anaerobic bacteremia. It is interesting to note that the 1 patient with an anaerobic infection had several comorbidities, including NEC, concurrent steroid use, respiratory failure, and multiple congenital anomalies, that are suspected to be risk factors for anaerobic bacteremia. When we analyzed the breakdown of the media from which the bacterial isolates were obtained, the rate of clinically significant organisms yielded from the paired aerobic and anaerobic bottles (56 [9.6%] of 586) was found to be similar to the rate of detection in single-aerobic-bottle cultures (7 [9.9%] of 71). However, when we examined the paired samples, we found that a significant proportion of the isolates (33.9%) was identified only in the anaerobic medium, and most of them were aerobic or facultative anaerobic bacteria. The utility of paired aerobic and anaerobic blood cultures has long been debated in the literature; some authors have argued against this practice, given the low overall incidence of anaerobic bacteremia encountered, and made recommendations to either obtain aerobic cultures alone or add an anaerobic culture only for patients who are thought to be at high risk [5, [10] [11] [12] 14] . Because risk factors for neonatal anaerobic bacteremia have not been well established and cultures in anaerobic bottles seem to have increased the yield of aerobic and facultative anaerobic organisms, one could argue for the routine use of both media.
Reviews of adult blood culture data have found that 8% to 13.7% of cases of bacteremia with aerobic organisms obtained from an anaerobic bottle would have been missed had paired cultures not been performed [16, 17] . In a study of pediatric patients, Créixems et al [18] reported that among 10 024 blood cultures (aerobic and anaerobic) performed during a 3-year study period, they identified 181 episodes of significant bacteremia. The authors concluded that 19% of these bacteremic episodes would have been missed if aerobic cultures alone were used, not including the 3 strictly anaerobic infections identified [18] . Another pediatric study found that 18% of bloodstream isolates would not have been isolated if aerobic cultures were used alone; 25% of Enterobacteriaceae and 15% of Staphylococcus sp. isolates were identified from the anaerobic culture alone [19] . In contrast, Dunne et al [20] found increased sensitivity in isolating aerobic and facultative anaerobic isolates from pediatric patients when 2 aerobic blood cultures were performed versus the traditional paired aerobic/anaerobic culture, although 1 anaerobic isolate would have been missed with this approach.
This study was limited in that it was conducted at a single tertiary care center with a limited sample size because detailed blood culture data were not available before the study period. Additional investigation with a multicenter analysis to define risk factors for anaerobic bacteremia in neonates is warranted. Second, the volume of blood was not documented for 18% of our paired cultures, which leaves a question of whether there was equal distribution of blood volume between the 2 bottles. Last, because the blood culture bottles were not weighed before and after inoculation, the volume recorded by the phlebotomist or nurse could not be confirmed objectively, which leaves some concern for reporter error and potential for the use of unequal volumes between the paired aerobic and anaerobic bottles, which could have biased the results.
This study is the first to have focused on this subject in the neonatal population, and we found that 33.9% of clinically significant isolates were identified in anaerobic cultures alone. It is unclear why we found a rate of anaerobic culture positivity that was higher than that in previous adult and pediatric studies, despite presumed equal blood volume in the paired cultures. Therefore, at this time, we recommend continued use of paired aerobic/anaerobic cultures for the evaluation of suspected sepsis in the neonatal population.
